As a part of the project "Total System of Zero-emission Coal-fired Power Generation Project" led by New Energy and Industrial Technology Development Organization (NEDO), we have conducted a feasibility study on the CO 2 geological storage in three candidate sites (sites A, B and C) offshore Japan. We present the results of the cost estimates for commercial-scale projects at the above sites with an injection rate of 1.54 million tons per year for 20 years. The overall storage costs range from approximately JPY 23 to 31 billion for the representative cases for each site.
Introduction
As a part of the project "Total System of Zero-emission Coal-fired Power Generation Project" led by NEDO, we have conducted a feasibility study on the CO 2 geological storage in three candidate sites (sites A, B and C) offshore Japan. The target reservoirs in the candidate sites are deep saline aquifers with different geological settings. The feasibility study was carried out based on two cases in terms of CO 2 injection rate. One case is a demonstration-scale with an injection rate of 0.24 million tons per year for 20 years and another is a commercial-scale with an injection rate of 1.54 million tons per year for 20 years.
We present the results of the cost estimates for the commercial-scale geological storage of CO 2 and discuss factors impacting on the storage costs.
Assumptions
The assumptions common to all candidate sites are as follows:
x The study covers six phases: site screening and selection, site characterization, CO2 injection planning, construction, CO 2 injection, and closure (see Figure 1 ). x CO 2 is injected at a rate of 1.54 million tons per year for 20 years.
x Both 2-D and 3-D seismic surveys are conducted.
x One investigation (exploration) well is drilled.
x No observation well is drilled.
x Frequency of 3-D seismic surveys for monitoring for the CO 2 injection phase is determined on the basis of the guideline published by the Ministry of the Environment, the government of Japan [1] . x Marine environmental monitoring is not programmed.
x A monitoring period for the closure phase is 50 years based on the US EPA's final rule [2] . The site-specific conditions and assumptions which give significant impacts on the cost estimates are summarized in Table 1 . Some other site-specific conditions, assumptions and geological settings are briefly described below on a site-by-site basis, and schematic of injection well construction and CO 2 injection are shown in Figure 2 .
Site A: The target reservoir at the site A consists mainly of sandstone of Pliocene age, with a thickness of approximately 50 m. The reservoir quality is good and the estimated average permeability is 100 md. 3-D seismic surveys are conducted using ocean bottom cable (OBC) due to a shallow water area. An injection well is assumed to be drilled by using a jack-up rig supplied by a domestic drilling service company. A wellhead is on a stationary platform.
Site B: The target reservoir at the site B consists of sandstone dominant section of Pliocene age, with a thickness is approximately 250 m. The reservoir quality is not good and the average permeability is estimated to be 17 md. A semi-submersible rig is assumed to be mobilized from Southeast Asia for injection well drilling. Taking the water depth into consideration, a combination of a floating platform and subsea wellheads is most promising. Injection wells are completed with subsea wellheads connecting to an offshore floating system via flexible pipe. Site C: There are two target reservoirs at the site C. Both reservoirs consist mainly of sandstones. The upper reservoir is of Pleistocene in age, with a thickness of approximately 100 m, and the lower one is of Pliocene in age, with a thickness of approximately 50 m. Both the upper and lower reservoirs generally decrease in thickness toward the offshore area. These reservoirs are of good quality and the estimated average permeabilities are 230 md and 133 md, respectively. 3-D seismic surveys cover both offshore and onshore areas. An adjustment between increase in the number of injection wells by lowering the injection rate per well and modification of the well emplacement is required to keep the injected CO 2 within the potential area for CO 2 storage so that the injected CO 2 does not move into an onshore area.
Cost estimates
In our feasibility study we carried out the costs estimates for 15 cases in total: three cases for the site A, seven cases for the site B, and five cases for the site C. These cases studied were set by changing assumptions such as the location of wellhead (e.g., onshore vs. offshore) and the length of CO 2 pipeline. Our cost estimates does not include a part of the construction costs such as offshore platforms, compression units, and onshore and subsea pipelines. Figure 3 shows representative examples of the estimated costs for the CO 2 geological storage at the sites A, B and C. The overall storage costs range from approximately JPY 23 to 31 billion for the representative examples. The monitoring costs for the CO 2 injection and closure phases at the sites A and C occupy as high as approximately 60% and 50% of each storage cost, respectively. The construction cost at site B is higher than those at the sites A and C. The reason why the costs for monitoring at the sites A and C are relatively high is that 3-D seismic surveys using OBC are required because a seismic survey using streamer cable cannot be performed in shallow water (water depths less than 50 m) areas. The higher construction cost at the site B is largely dependent on the rig cost for a semi-submersible rig which is mobilized from Southeast Asia (e.g., Singapore).
Cost reduction in the 3-D seismic surveys in shallow water areas, such as the sites A and C, can be achieved by, for example, using permanent OBC system which result in significant reduction in operational costs in 3-D seismic surveys. In addition, reduction in frequency of 3-D seismic surveys in injection phase and shortening the duration of monitoring in closure phase also result in reduction in monitoring costs for all sites. But this can be achieved only if the regulations will be changed. The cost for a semi-submersible rig is unavoidable in the geological storage of CO 2 in an area with a water depth deeper than approximately 100 m, but unfortunately this type of offshore drilling rig is not available in Japan. Relative high construction costs for site C can be explained by drilling five injection wells separately. The construction costs can be reduced by applying multi-lateral drilling technology. 
Conclusion
The results of the cost estimates for three candidate sites offshore Japan shows that the overall storage costs range from approximately JPY 23 to 31 billion for the representative cases for each site.
The results indicate that monitoring costs for 3-D seismic surveys for the sites A and C and well construction costs for the site B impact on the overall storage costs, respectively. But, for example, the costs for 3-D seismic surveys can be reduced by introducing permanent OBC system. This feasibility study is on-going. In the next step, we plan a case study on a larger-scale CO 2 storage with an injection rate of, for example, 10 million tons of CO 2 per year, because this type of geological storage of CO 2 is expected to contribute to reducing the storage cost. 
